trephine specimens from positive bone marrow showed granulomata and nine showed acid-fast bacilli. No acid-fast bacilli were seen in the absence of granulomata.
Mycobacterium spp, 47 were obtained from HIV positive patients. Ofthe isolates, 42 were Mycobacterium avium-intracellulare (MAI), five were M tuberculosis (MTB), and the remaining four comprised a variety ofatypical mycobacteria. All MAI positive samples were obtained from HIV positive patients, with the bone marrow being the only culture positive specimen in one third. Bone marrow yielded MTB only in patients from whom it was also isolated in other specimens. Eleven of 47 trephine specimens from positive bone marrow showed granulomata and nine showed acid-fast bacilli. No acid-fast bacilli were seen in the absence of granulomata. Riley, Crawford, Barett, Abdalla other specimens submitted for mycobacterial examination. Twenty four patients had other samples positive for MAI apart from bone marrow. In 10 of these patients the bone marrow was the first sample to provide a bacteriological indication of mycobacterial infection. There was a wide variety of other samples that were culture positive; liver biopsy (nine isolates), rectal biopsy (five isolates) and early morning urine (five isolates) being the most common. MTB accounted for five (9-8%) isolates; three were from HIV positive patients who had MTB isolated from pulmonary sites. In one patient MTB was also isolated from ascitic fluid and a lymph node biopsy. The two remaining patients had MTB isolated from ascitic fluid and pleural aspirate samples.
Conclusion
There were two isolates of M kansasii, one from a HIV positive patient with MAI also isolated from other sites, the other from a patient with terminal hairy cell leukaemia. M xenopi was isolated from bone marrow and bronchoalveolar lavage specimens of a HIV positive patient. Mfortuitum was isolated from the child with an unclassified immunodeficiency and was also recovered from swabs of a chest wall sinus.
Between 1983 and 1992, there were 10 patients with negative bone marrow cultures but who had mycobacteria isolated from other sites (table 4) . Four of the patients were HIV positive; eight isolates were of MTB and two were of MAI.
COMPARISON OF MYCOBACTERIAL BLOOD CULTURES WITH BONE MARROW CULTURE
Two hundred and thirty one samples were received for mycobacterial blood culture from 143 patients, 142 of whom were HIV positive and one was the child with an undetermined immunodeficiency syndrome. Twenty two (9 5%) cultures were positive and were obtained from 19 patients.
Thirty patients had both blood cultures and bone marrow cultures performed and comparative results are shown in table 5. (12-5%) of these and in six of the patients with granulomata acid-fast bacilli were also reported. In one patient large numbers ofgranulomata and acidfast bacilli were seen in the trephine specimen but these were not grown from an aspirate sent in a BACTEC bottle. Acid-fast bacilli were also seen in a duodenal biopsy specimen from this patient examined histopathologically. Blood cultures performed as part of the above mentioned study were negative. Six stools collected from this patient were positive for acid-fast bacilli by auramine staining, but from only one was MAI isolated. One other patient had two bone marrow biopsy specimens taken which showed loose aggregates of histiocytes but no acid-fast bacilli; both isolates subsequently grew MAI.
Of the remaining five patients where granulomata but no acid-fast bacilli were reported, one subsequently grew MAI. One patient's trephine specimen revealed yeast bodies confirmed as Cryptococcus spp. Two patients had cytomegalovirus infection: one with retinitis, the other with hepatitis and colitis; neither had evidence of cytomegalovirus involvement ofthe bone marrow. The remaining patient had noncaseating granuloma in both bone marrow and liver biopsy specimens. No organism was isolated from these samples and the patient was diagnosed as having P3neumocystis carinii pneumonia when specimens were collected.
Discussion
In our experience, bone marrow biopsy has become increasingly popular in the investigation of PUO, particularly in HIV positive patients. Acid-fast bacilli were not seen in stained smears of bone marrow aspirates, even in those patients who had acid-fast bacilli on staining of the trephine specimen. This differs from other studies89 where a small, but measurable, percentage of mycobacteria were seen in the bone marrow aspirates. This could be because of two factors: concentration of the marrow by centrifugation in one study8 may have increased the sensitivity compared with direct smears, and the use of additional microscopic techniques in combination with direct smears in the other study9 may also have increased the rate of positivity.
The low percentage of granulomata in culture positive patients (24-4%) in our study supports the findings of others 10 and indicates that examination of trephine specimens may predict mycobacterial infection less reliablythan liver biopsy. 56 Acid-fast bacilli were seen only in the presence of granulomata, a finding re-flected in other studies,831' 12 and suggests that it may be unnecessary to use selective stains for mycobacteria if no granulomata are seen.
The finding that, in one year, 12-5% of trephine examinations in HIV positive patients had granulomata, contrasts with the higher value of 30% in the study by Nichols et a18 which we feel can be partly explained by retrospective re-examination of trephine slides and the classification of loose aggregates of histiocytes and other subtle findings as granulomata in that study. Our review of bone marrow biopsy specimens with granulomata in HIV positive patients from 1992, showed that 72-7% had microscopic or cultural evidence of bone marrow infection and that all patients with granulomata had evidence of opportunistic infection. This indicates that the presence of granulomata in the bone marrow of HIV positive patients is highly suggestive of infection. The finding of one patient with abundant granulomata and acid-fast bacilli on microscopy but who was culture negative was particularly interesting. It could be explained by the use of antimicrobials with some anti-mycobacterial action during the course of his PUO, or by infection with the recently described mycobacteria which has been termed Mycobacte?ium genavense-this bacterium does not grow on conventional solid media and grows poorly in liquid media.'3 Although our review confirms that culture is more sensitive than microscopy for investigation of mycobacterial infection, examination of trephine specimens may provide indirect evidence of opportunistic infection if granulomata are present, and diagnosis oforganisms which are difficult to culture.
In the immunocompetent patient with PUO, disseminated MTB is often suspected. Although our review confirmed that MTB can be recovered from the immunocompetent, it was isolated in only five cases in the 10 year period; in all five cases MTB was also isolated from other sites. Of the eight patients who had proven MTB infection but negative bone marrow cultures, six were HIV negative. This would suggest that in suspected disseminated MTB infection in HIV negative patients, involvement of bone marrow is uncommon and that bone marrow biopsy for disseminated MTB may not be worthwhile.
MAI was the predominant mycobacterial species isolated from bone marrow during the 10 year period of the review. Bone marrow is a useful method of confirming disseminated MAI disease, as mycobacteria in bone marrow indicate infection, in contrast to isolation from the gut-for example, which may indicate colonisation. The value of bone marrow culture in the diagnosis of MAI is demonstrated by MAI being isolated from the bone marrow alone in one quarter of our patients, whereas MAI was not isolated from bone marrow when cultured from other sites in only two patients. Direct comparison between blood cultures and bone marrow biopsy was possible in some cases which did not show substantial differences between the two methods, and showed that neither method detected all cases of disseminated mycobacterial disease. This observation has been made in other studies.8"0 However, blood culture has the advantage that it is minimally invasive with little associated morbidity permitting repeated sampling.
In conclusion, our review of bone marrow culture and examination of trephine specimens leads us to believe that routine bone marrow biopsy for PUO should be reserved for those with severe immunosuppression. In subjects with normal immunity, MTB is the only mycobacterium likely to be recovered from bone marrow, and this may be more readily isolated from other sites if disseminated. The finding in some patients of bone marrow cultures positive for MAI despite all other samples, including blood cultures, being negative, and the potential for the diagnosis of other infectious and non-infectious causes of PUO, lead us to believe that bone marrow still has a valuable place in the investigation of PUO in HIV positive patients. We suggest that the correct approach is to take mycobacterial blood cultures when the patient presents with simple fever, and if these remain negative after two to three weeks, proceed to bone marrow biopsy. 
